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results from an inability to utilize information about body sodium balance (9, 11). The lateral preoptic area and the ventral tegmental area of Tsai are adjacent to the lateral hypothalamic area and are intimately connected with it via the medial forebrain bundle (2, 13). Because of these close anatomical relationships to the lateral hypothalamus, it seemed likely that these regions might also play a role in the regulation of sodium intake. Two experiments were done to study the effects of lesions of the lateral preoptic area, the ventral tegmental area of Tsai, and also the septum (which is similarly connected to the lateral hypothalamus) on regulation of sodium intake under a variety of experimental conditions. Twelve lesioned rats were assigned to experimental groups (according to criteria described below) as shown in Fig. 1 . These rats sustained lesions of the septum, the preoptic area, the ventral tegmental area of Tsai, or the lateral hypothalamus.
A control group of 12 rats was comprised of 4 unoperated rats, 2 rats with electrode insertions in the anterior hypothalamus but no fulgurations at the electrode tips, and 6 rats with unilateral lesions of forebrain or tegmentum. Unlesioned and unilaterally lesioned control rats behaved similarly throughout the experiment and their data are combined for statistical analyses.
All rats were unilaterally adrenalectomized and given Purina chow, distilled water, and 0.33 M NaCl solution ad lib. The fluids were given in graduated cylinders with metal drinking spouts which protruded through the cages about 4 cm apart. The positions of the water and saline were reversed daily. Fluid intake and body weight were measured daily. After l-2 weeks on this regimen, the second adrenal was removed. (Unilateral adrenalectomy has no observable effect on saline intake and henceforth "adrenalectomy" will refer to removal of the second gland.) Observations were continued for 10 days after adrenalectomy or until rats which did not increase their saline intake became moribund.
After completion of the experiment rats were perfused with formalin, brains were removed, and frozen sections were cut and stained by the cresyl violet and/or Weil methods.
Assignment of rats to experimental groups. Preliminary experiments suggested that lesions of the medial forebrain bundle rostra1 or caudal to the hypothalamus have little or no effect on sodium appetite.
In order to gain convincing evidence for a negative effect of such lesions it was deemed necessary to include only rats with large and accurately placed extrahypothalamic lesions in the experiment.
These criteria were not applied to rats with lesions aimed at the lateral hypothalamus because previous work (9) had shown that in this region even grossly bilaterally asymmetrical lesions may cause some impairment of sodium appetite. Thus, rats with lateral hypothalamic lesions which were adipsic for at least 3 days following lesioning were included in the experimental group. In our experience adipsia of this duration generally signifies some bilateral damage of the lateral area at the level of the ventromedial nucleus. The adipsia is almost invariably accompanied by aphagia. Statistical analyses were by nonparametric sign and rank tests.
Results
Sections through the ma.jor extents of the lesions are shown in Fig. 1 placed in the specific trajectories of the medial forebrain bundle.
The caudal two-thirds of the lateral septal nucleus was destroyed in rats I-T, Z-T, and 5-T. In rat 5-T the medial and fimbrial septal nuclei were also included in the lesion. The lateral preoptic area and ventral portion of the diagonal band nucleus were lesioned in rat 43-H. The ventral tegmental area of Tsai and the interpeduncular nucleus were completely destroyed in rats II-V and 25-V, and in rats 16-V and 26-V the ventral tegmental area was damaged but the interpeduncular nucleus was spared. The hypothalamic lesions were located in the lateral area at a level between the rostra1 tip of the ventromedial nucleus and the mammillary bodies.
Although 3 of the 4 rats with lateral hypothalamic lesions failed to increase their saline intake after adrenalectomy and developed symptoms of sodium deficiency (weakness, anorexia, weight loss, and convulsions) shortly thereafter, the rats with extrahypothalamic lesions manifested increases in saline intake which were similar in magnitude to those of the 12 control animals. It should be noted that the latera. hypothalamic rat which manifested no decrement in saline intake (48-H) had essentially only unilateral hypothalamic damage (the right lesion being located primarily in the zona incerta and cerebral peduncle) and suffered only a brief 1435 period of postoperative adipsia. However, even if this rat is included in the statistical analyses, the lateral hypothalamic group as a whole still manifests significant decrements in postadrenalectomy saline intake, water intake, and body weight in comparison to the control group (all P 's < .05). Differences between either the group with rostra1 lesions or the group with caudal lesions and the control group on any of these measures do not approach statistical significance.
EXPERIMENT 2
Methods
In this experiment rats were given a KC1 solution in addition to NaCl solution and water. Selection of these fluids was observed after acute sodium depletion and after mineralocorticoid treatment. Procedures for placement of brain lesions, postoperative recovery, and histology were identical to those of experiment 1. Three groups of six rats with lesions involving either the preoptic area, the ventral tegmental area of Tsai, or the lateral hypothalamus were used. An additional group of 14 rats, comprised of 4 unoperated rats, 4 rats with electrode insertions but no lesions at the tips, and 6 rats with unilateral lesions of forebrain or tegmentum, was included for control purposes. Unlesioned and uni- 
16-T).
Only the group with lateral hypothalamic lesions manifested a clear impairment of sodium appetite (Table  2 ). In the groups with rostra1 or caudal medial forebrain bundle lesions, as in the control group, formalin treatment induced large increases in sodium chloride and water intake while having no significant effect on potassium chloride intake, and DOCA treatment induced large increases in sodium chloride intake while having little or no effect on water or potassium chloride intake. The fact that a few rats with rostra1 or caudal lesions did not respond normally to formalin and/or DOCA treatment is probably not attributable to the lesions because about 10 % of the control rats also failed to respond, and, in general, the magnitudes of the effects were quite variable.
On the other hand, none of the rats with lateral hypothalamic lesions manifested a significant increment in sodium chloride intake after either treatment, even when the lesions were grossly bilaterally asymmetrical, so that the decrement in sodium appetite of this group was highly significant (P < .Ol after formalin or DOCA in comparison to the control group). It should be noted that although some of the lateral hypothalamic rats manifested an increment in water intake after formalin, in general the increment was relatively small (P < .05 in comparison to controls), and this result confirms other work showing decrements in drinking responses to hypovolemia after lateral hypothalamic lesions (6).
optic chiasm and the rostra1 tip of the ventromedial nucleus) is not critical for regulation of sodium intake. It should be noted that the present findings do not contradict those of Covian and co-workers (1, 8) who found alterations in spontaneous saline preferences of nondepleted rats after lesions in some of the above structures, since it seems likely that at least some of the mechanisms involved in need-free taste preferences differ from those involved in appetite regulation in response to body need (11). Furthermore, studies of the effects of medial forebrain bundle lesions on other processes, such as centrally induced drinking (7) and self-reward (3, 7), report findings which suggest a general conclusion that these areas of the medial forebrain bundle svstem are not importantly involved in either appetite or reinforcement.
DISCUSSION
The present results confirm previous findings that regulation of sodium intake is severely disrupted after damage to the lateral hypothalamic area (9, 11). is supported by findings of impaired sodium appetite after medial hypothalamic lesions (4). On the other hand, the rats with lateral hypothalamic lesions also sustained some damage to the zona incerta and it might be hypothesized that the observed effects are due to subthalamic rather than hypothalamic damage and thus that completely different fiber systems are involved.
